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of the final frontier 
Sheldon Smart ,  Un ivers i ty  o f  Houston ,  TX,  USA 
Bridging the gap between basic research and applied research is a difficult challenge for many university 
based research laboratories. Navigating these turbulent cross currents is the Space Vacuum Epitaxy Center 
(SVEC) at the University of Houston. 
F 
ounded in 1986, SVEC's pur- 
pose is to unite industry, acad- 
emia, and government in the 
campaign for space utilization 
through access to the near-perfect 
vacuum of space, coupled with in- 
tensive laboratory-based research 
and development in advanced thin 
film semiconductor and oxide ma- 
terials and devices. SVEC is per- 
haps best known for its Wake 
Shield Facility (WSF) (Figure 1) - a 
free flying space craft that creates 
an ultra-vacuum in space to grow 
high purity thin film crystalline 
materials. But in tandem with its 
space programme, SVEC has devel- 
oped a laboratory based research 
programme that is as down to 
earth as its space programme is 
high flying. "The winners for us are 
going to those technologies that 
really end up being products on 
the market. Products about which 
we can say 'we helped in develop- 
ing this market and the economic 
growth that resulted'. Through 
these endeavours there will be 
benefits back to the center, the uni- 
versity, the industry and of course 
the consumer," says Alex Ignatiev, 
SVEC's director. 
The SVEC laboratory pro- 
gramme is divided into four major 
areas: optoelectronics, especially 
infrared (IR) lasers; photovoltaics, 
both solar cells and thermovoltaic 
cells; nitride materials and devices; 
and, advanced oxides, ferro- 
electrics/superconductors. While 
each of these areas is producing 
substantial results with direct in- 
dustry applications, it is worth not- 
Figure 1. Carried into orbit by the Space Shuttle, the Wake Shield Facility is a fully equipped 
spacecraft in its own right. It travels in orbit at approximately 28 800 kph, leaving in its wake a 
vacuum 1000 to 10 000 times better than is currently achievable on Earth. 
ing that they have a symbiotic rela- 
tionship with the center's space 
programme. The laboratory pro- 
gramme is developing thin fdm ma- 
terials and devices that solve short 
term problems, generally requiring 
high risk R&D, and may require so- 
phisticated fabricating and pro- 
cessing techniques.These terrestrial 
R&D endeavours also feed the WSF 
programme which, when fully op- 
erational as a production facility, 
will exceed terrestrial capabilities 
for producing advanced high puri- 
ty thin films. 
Success in the IR 
A recent Japanese Government re- 
port has noted that electronics is 
the science of the twentieth centu- 
ry, and optics is the science of the 
twenty-first. SVEC's associate direc- 
tor Steven Pei has taken that dic- 
tum to heart as he leads the 
center's optoelectronics project. 
"Our goal is to develop and com- 
mercialize optoelectronic devices 
and sub-systems," says Pei. 
The project's biggest success to 
date is the development of type-II 
quantum well (QW) and interband 
cascade (IC) lasers based on InAs/ 
Ga(In)Sb/AlOn)Sb heterostructures. 
Room temperature lasing has been 
achieved, which is a considerable 
improvement compared with earli- 
er IR laser technologies. The cur- 
rent development effort focuses at 
the 2 to 5 ~tm wavelength for a 
number of commercial, space, and 
military applications. A room tem- 
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perature IR light emitting diode 
(LED) operating at a record 15 ~am 
wavelength as also been demon- 
strated. When cooled to liquid ni- 
trogen temperature ( -78  K), a 
peak output power  of -0.5 W per 
facet has been achieved wi th  the 
IC diode laser operating at 4 ~am 
wavelength, and several watt out- 
puts have been measured from the 
optically pumped type-II QW laser. 
The output power  of the cur- 
rent high power  mid-IR lasers is 
primarily limited by the local heat- 
ing which can be reduced signifi- 
cantly by mounting the laser 
epi-side down. However, for opti- 
cally pumped lasers in this configu- 
ration, the -1 ~am wavelength 
pump beam can not penetrate the 
thick GaSb substrate on the back- 
side. A novel process to grow the 
laser structure on an InGaAs com- 
pliant substrate loosely bonded to 
an IR transparent GaAs wafer was 
developed jointly with Applied 
Optoelectronics Inc. This is the 
first active device ever fabricated 
on a compl iant substrate, which 
overcomes the more than 7% lat- 
tice mismatch between the laser 
structure and the GaAs wafer. The 
type-II QW lasers grown on the 
compl iant substrate have compara- 
ble quantum efficiency to those 
grown on nearly lattice-matched 
GaSh substrates, but with >75%, re- 




The quest to generate power  with 
minimal infrastructure drives 
SVEC's photovoltaic project. 
Whether  power ing a remote cabin 
or a satellite, III-V based photo- 
voltaic cells offer considerable ad- 
vantages, but there are also hurdles 
to overcome. "The biggest chaFF 
lenge we face is to come up with 
innovations that will enhance effi- 
ciencies without drastically modi- 
fying present manufacturing 
standards. High demand and the 
need to space qualify devices gives 
Figure 2. SVEC director Alex Ignatiev loads the CBE system. 
III-V cell manufacturers too little 
room to modify the fabrication 
process," says Alex Freundlich, 
leader of SVEC's photovoltaic 
group. 
Driven by the demands of satel- 
lites requiring more on-board pow- 
er, especially in the extreme 
radiation of high earth orbits, 
SVEC's photovoltaic group devel- 
ops new materials and device con- 
cepts that will lead to higher 
efficiency radiation-hard photo- 
voltaic devices. An example is a 
new two-terminal GalnP-top/ 
(GaAs/GaInAs) multi-quantum well 
(MQW) - bot tom tandem solar cell. 
The insertion of thin (a few nm 
thick) narrow band-gap InGaAs 
quantum wells in the intrinsic (i)- 
region of the conventional p-i-n 
GaAs solar cell is used to extend 
the photo-absorpt ion towards the 
IR and increase the bot tom cell 
photo-current. The approach pro- 
vides a radiation resistant near- 
ideal two solar cell spectral combi- 
nation, while maintaining the en- 
tire structure lattice-matched to 
commonly  used GaAs/Ge sub- 
strates. 
The design requires only a 
slight modification of the epitaxial 
process and remains compatible 
IIl-Vs Review * Vo1.12 No. 2 1999 
27  
Inside SVEC 
Figure 3. Research scientist Charles Horton (front) and Thompson Lin, task leader mid-IR 
laser group, prepare SVEC's Riber 32 MBE unit. 
with the existing industrial manu- 
facturing standard for commercial  
multi junction GaInP/GaAs cells. 
The proposed dual-junction quan- 
tum well solar cell should provide 
efficiencies in excess of 30% under 
typical space sunlight illumination, 
with end-of-life efficiencies for typ- 
ical geostationary or low earth or- 
bit mission exceeding twice that of 
any advanced single junction cells. 
This could lead to a decrease of the 
order of 30-50% in the cost and 
size of a satellite solar panel and a 
resultant overall satellite weight re- 
duction. This, in turn, would help 
to reduce launch costs. 
Another aspect of the research 
is the development of ultra-radia- 
tion hard cells for medium earth 
orbit radiation. InP conventional 
p/n solar cells were believed to be 
the most radiation resistant III-V 
cells for space applications. A new 
InP/InAsP MQW Space Solar Cell 
recently developed by SVEC 
Photovoltaic and Nanostructure 
Group (US patent 5,851,310), and 
radiation tested by Drs R. Waiters 
and G. Summers at Naval Research 
Laboratories, has defeated this be- 
lief. This new solar cell is approxi- 
mately three times thinner than 
conventional InP cells and exhibits 
a two-fold radiation resistance im- 
provement.  When exposed to a 
high energy proton radiation 
equivalent to several years of medi- 
um earth orbit (MEO) operations 
these cells lost less than 10% of 
their power  capacity as compared 
to more than 40% efficiency loss of 
an InP cell. Conventional Si or GaAs 
cells lose nearly all their power  af- 
ter a comparable xposure. 
In addition, the thickness reduc- 
tion of the new cell design should 
favour higher fabrication yields at 
lower cost. This new device may 
pave the way toward the access 
and commercial  development of 
MEO (5000-10 000 kin) for long 
duration satellite missions. 
Nitride progress 
SVEC's nitride project focuses on 
the development of nitride thin 
film coatings for optoelectronic, 
high temperature lectronics and 
hard/corrosion resistant coatings 
applications. Led by Abdelhak 
Bensaoula, the group is building a 
foundation of skills to exploit these 
materials. 
"The most interesting problem 
we face is the incredible lack of de- 
tails and consistency in the pub- 
lished literature as it pertains to 
GaN materials growth. We almost 
have to attack each problem as 
new", says Bensaoula. "There are 
still so many fundamental issues 
that need resolving, the problem is 
which one is the most important 
and/or critical?" 
Bensaoula's team has already 
made significant progress. For ex- 
ample, as a result of a long standing 
collaborative ffort with a local pri- 
vate company, Ionwerks lnc, and 
using a novel in situ time of flight 
ion scattering technique (mass 
spectroscopy of recoiled ions 
(MSRI)), during GaN deposition, 
they have shown surface composi-  
tion measurements with dopant 
level sensitivity. They are also able 
to determine in situ the surface 
polarity of the epitaxial ayers (Ga 
versus N terminated). 
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Figure 4. Charles Horton adjusts the reflection high energy electron diffraction (RHEED) unit 
on the CBE system. 
Advancing oxides 
The lessons SVEC researchers have 
learned about epitaxy while devel- 
oping III-V semiconductors are 
profitably applied to other areas. 
particularly advanced oxide thin 
films. Researchers have developed 
a photo-assisted chemical vapour 
deposit ion (CVD) technique that 
deposits advanced oxide thin films 
10 to 100 times faster than conven- 
tional techniques. 
This approach as been applied 
to the development of thick film 
oxide superconduct ing wires m 
cooperation with an industry part- 
ner, Metal Oxide Technologies Inc 
and the Texas Center for Super- 
conductivity at the University of 
Houston. 
In the processing area, the 
group has recently demonstrated a 
photo-assisted reactive ion etching 
(PE-RIE) process for GaN and BN 
in BC13/C12/Ar/N 2 plasmas using a 
filtered Xe lamp, and ArF and KrF 
excimer laser beams. This effort 
has resulted in enhanced etch rates 
at less damaging process parame- 
ters. Work is now underway to fine 
tune the etching conditions in 
terms of etch rate, surface mor- 
phology, surface composit ion, and 
selectivity. 
As another collaborative ffort 
with Ionwerks, the group will soon 
install a prototype high resolution, 
high sensitivity time of flight mass 
spectrometer  on the RIE reactor. 
Such an instrument will allow 
identification of the different 
species and permit the develop- 
ment of process models and garner 
a more fundamental understanding 
of the PE-RIE processes. 
Finally, the nitride group is 
working on blue light emitting and 
sensing devices, but with an em- 
phasis on miniature and rugged 
chemical sensors. In particular, pre- 
breakdown electroluminescent 
and solar blind MIS Schottky barri- 
er structures, combining GaN and 
BN materials, have already been 
successfully fabricated. 
Figure 5. SVEC and SPACEHAB are currently preparing a fourth 'proof of concept' flight for 
WSF. On completion of the flight, Ignatiev believes it will be possible to set up a business 
structure to supply industry with materials 'made in space'. 
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The advanced oxides project is 
also working on uncooled IR de- 
tectors. Produced primarily with 
PbZrTiO3, these thin film detectors 
are about five times more sensitive 
than reported.These detectors will 
compete with semiconductor 
based detectors. "This work fits 
nicely with SVEC's IR laser work. 
Both the detector and laser are un- 
cooled, so it's a nice simple pack- 
age to do sensing," says Alex 
Ignatiev. 
Advanced oxide thin films, 
specifically BaSrTiO3, are also be- 
ing applied to the development of 
high dielectric thin film capacitors 
for giga-bit scale DRAMs. The 
BaSrTiO 3 thin film has been 
uniquely integrated irectly to sili- 
con, and through coupling with 
the photo-assisted CVD process 
promises to have direct commer- 
cial application to future memory 
applications. 
Even as SVEC researchers are 
producing down to earth results in 
their laboratory programme, they 
aren't neglecting their ambition to 
put epitaxy into orbit. The goal of 
building a space-based manufactur- 
ing system may seem far fetched, 
but for Ignatiev the WSF is just as 
practical as developing new lasers, 
solar cells and detectors. 
A free-flying spacecraft (Figure 
5) deployed from the space shuttle 
that creates an ultra-vacuum (10-14 
tort') in its wake, the WSF has been 
developed for space-based epitaxi- 
al growth of thin films for research 
and development. The WSF allows 
for the production of thin film 
crystalline materials with lower 
contamination levels than those 
produced on Earth, ultimately en- 
hancing the performance of prod- 
ucts made from these materials. 
"We grew some very good GaAs 
and AIGaAs samples right off the 
bat, and we have identified some 
significant materials quality bene- 
fits from producing thin films in 
space," says Ignatiev. 
In 1998, the US-based space ser- 
vices company SPACEHAB (Wash- 
ington DC) licensed the rights to 
manage and market the WSF to 
commercial and government cus- 
tomers. SVEC and SPACEHAB are 
now working to organize a fourth 
'proof of concept '  flight for WSE 
This flight would test improve- 
ments to the WSF designed to ex- 
pand its capacity and generate 
significant quantities of materials 
for testing by microelectronics 
manufactures. 
In the meantime, Ignatiev is 
keeping the SVEC laboratory team 
focused on producing research 
that is a winner both scientifically 
and commercially. 
Contact." Alex Ignatiev 
Space Vacuum Epitaxy Center 
University of Houston 
4800 Calhoun Road, Houston, 
TX 77204-5507, USA. 
Tel: + 1-7 l 3-743-3630. 
Fax: + 1-713-747-7724. 
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